Abstract: A new calixarene-based donor-acceptor system, cone conformer 1, was prepared for the first time. In this compound, the calix[4]arene serves to juxtapose a tri-chloroquinone acceptor near the porphyrin photo-donor plane. As to the conformational control, the cone conformer 1 gave two peaks of phenolic OH groups at 8.40 and 8.43 ppm. This shows that cone conformer 1 is stabilized by intramolecular hydrogen bonds. The fluorescence intensity of 1 was 35% of that for the control compound 2. This means the trichloroquinone group in 1 efficiently quenched the fluorescence of ZnP*. The shortest edge-to-edge separation of the chromophores of 1 is ca. 8 Å (as judged by CPK models). This provides a new calixarene-based supramolecular system in which through-space donor-to-acceptor electron transfer is observed upon photoexcitation.
INTRODUCTION
In recent years, there is an ongoing debate as to the electron transfer community continues to focus on how specific protein pathways might, or might not, influence longrange biological electron transfer events [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The impetus for this work stems from the fact that electron transfer reactions are endemic in biosynthesis. Such critical and wel-known cellular activities as respiratory oxidative photosphorylation 11) and photosynthesis 12) rely on electron transfer processes. Most of these are mediated via protein-protein interactions. Currently, it remains uncertain for a given biological electron transfer event 13) . One way this critical issue is being addressed is through the synthesis and study of simple, covalently-linked model systems [14] [15] [16] [17] [18] . In general, these models typically consist of a photodonor covalently attached to one or more electron acceptors in a manner whereby the electron transfer efficiency is finely tuned by controlling the through-bond distance separating the chromophores. However, among these models there are few, if any, capable of a conformation-induced direct through-space process, as opposed to through-bond, accounts for the electron transfer quenching process 19) . It is well-known the calix [4] arene moiety exists in four conformations in solution [20] [21] [22] . These distinct conformers provide a unique opportunity for the examination of two mechanisms for photoinduced electron transfer, i.e. through bond and through space. In this paper, therefore, we wish to report a new calixarene-based donoracceptor system, cone conformer , in which the calix [4] arene serves to juxtapose a tri-chloroquinone acceptor near the porphyrin photo-donor plane. This provides a new calixarene-based supramolecular system in which through-space donor-to-acceptor electron transfer is observed upon photoexcitation.
EXPERIMENTAL

1
Melting points were determined with an electrothermal melting point apparatus in a sealed capillary. 1 H NMR spectra were recorded on a Varian Gemini-300 spectrometer operated at 300 MHz at room temperature (20 ) in the Fourier transform mode. Chloroform-d 1 and dimethylsul-foxide (DMSO)-d 6 , where dissolved oxygen was removed by bubbling argon through the solution, were used as the solvent and tetramethylsilane was used as internal reference for 1 H NMR measurement. Fast atom bombardment mass spectrometric analyses (FAB MS) were made using a 3-nitrobenzyl alcohol matrix and a JEOL-DX303 instrument.
2
All Chemicals were reagent grade and used without further purification unless otherwise noted. Tetrahydrofuran (THF) was freshly distilled from sodium / benzoquinone ketyl, while dichloromethane (CH 2 Cl 2 ) was distilled over calcium hydride. All other solvents used were reagent grade quality and used without further purification unless otherwise noted. Calixarenes 19) and 23) were prepared according to the reported manners. All column chromatography was done using Merck silica gel 60 as the solid support. UV-visible spectra were obtained with a Shimadzu UV-3101PC spectrometer. Steady-state fluorescence spectra were measured on a Shimadzu RF-5301PC spectrometer.
Cone . Calixarene (440 mg, 0.75 mmol), 3,3'-dimethyl-4,4'-diethyldipyrromethane (520 mg, 2.3 mmol) and benzaldehyde (160 mg, 1.5 mmol) were dissolved in CH 2 Cl 2 -CH 3 CN (50-110 mL). After the addition of trichloroacetic acid (110 mg, 0.68 mmol) in 10 mL of CH 3 CN, the mixture was stirred for 19 h under a nitrogen atmosphere. After chloranil (1.1 g, 4.6 mmol) in 60 mL of CH 2 Cl 2 was added, the reaction was allowed to occur by stirring for an additional 2.5 h. This was then washed with aqueous sodium bicarbonate followed by H 2 O. The organic layer was then dried over Na 2 SO 4 . After the solvent was removed, the residue was dissolved in 200 mL of CH 2 Cl 2 and 2.0 mL of saturated zinc acetate in methanol was added. After stirring for 30 min, the solvent was evaporated in vacuo. Purification by column chromatography on silica gel (eluting with hexane-benzene (1 : 4) gave (220 mg, 25 %) as a red powder. mp >300 . 1 Cone After a mixture of the propionic acid (25 mg, 89 mmol) and thionyl chloride (150 mg, 1.3 mmol) in 30 mL of dry benzene was stirred at 80 for 0.5 h, the excess thionyl chloride and benzene was distilled in vacuo. The residue dissolved in 25 mL of THF was added to a solution of calixarene (100 mg, 88 mmol) and triethylamine (1 mL) in 100mL of THF and the solution was refluxed for 18 h. Then diethyl ether was added, and the organic layer was washed with H 2 O and dried over Na 2 SO 4 . The solvent was evaporated and purification by column chromatography on silica gel (eluting with CH 2 Cl 2 containing 2% of acetone) gave (120 mg, 37%) as a red powder. mp >300 . 1 
RESULTS AND DISCUSSION
Synthesis of cone-5-formyl-17-nitro-25,27-dipropoxy-26,28-bis(3,5-di-tert-butylbenzyloxy)calix [4] arene was communicated previously 23) . The preparation of the calixarene-substiuted porphyrin derivatives is summarized in . Briefly, the nitro group of was reduced to afford the amino derivative in 44 %. The target compound was prepared from the condensation of calixarene and trichloroquinone-substituted propionic acid in 37% for the first time. The control compound, cone-5-(zinc(II)-2,8,12,18-tetraethyl-3,7,13,17-tetramethyl-15-phenylporphyrin-5-yl)-17-nitro-25,27-dipropoxy-26,28-dihydroxycalix [4] arene was also prepared 19) . As to the conformational control, the cone conformer and gave two peaks of phenolic OH groups at 8.40 and 8.43 ppm for , 8.47 and 9.61 ppm for . This shows that cone conformers and are stabilized by intramolecular hydrogen bonds. These hydrogen bonds are strong enough to inhibit the oxygen-through-the-annulus rotation. This cone conformation of keeps the donor away from the acceptor. The cone conformer was heated in THF at 50 for 12 h, but isomerization of did not take place (confirmed by 1 H NMR). The fluorescence spectra of and in THF (5.0 10 -6 M) exhibit maxima at 583 and 640 nm with excitation at 410 nm. Furthermore, one can directly compare these fluorescence intensities, because the absorbance of each is similar at this wavelength ( ). In this instance, when the trichloroquinone propionic acid (5.0 10 -6 M) was added to a THF solution of (5.0 10 -6 M), there was almost no occurrence of any fluorescence quenching of the porphyrin excited state. The fluorescence intensity of was 35% of that for the control compound (
). This means the trichloroquinone group in efficiently quenched the fluorescence of ZnP*. The shortest edge-to-edge separation of the chromophores of is ca. 8 Å (as judged by CPK models). In other words, the fluorescence of is quenched in part by an intraensemble electron transfer (i.e. throughspace) process and not via a through bond mechanism.
CONCLUSION
As yet, it is not clear whether electron transfer occurs through-space, through-solvent or by a combination of the two. We conclude that a direct through-space (-solvent), as opposed to through-bond, process accounts for the observed electron transfer quenching process in this calixarene based model system. In any event, the present work serves to show that calixarenes can serve as useful building blocks in the construction of through-space (-sol-
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